Objectives: Antibiotic use in childhood has been hypothesized to increase the risk of intussusception. Antibiotics have well-known effects on gut motility and microflora-possible mechanisms for the hypothesized association. We evaluated the risk of intussusception according to antibiotic use.
Introduction
Intussusception is a common cause of intestinal obstruction in children. 1 The majority of cases occur in previously healthy infants, with peak incidences at 4 -9 months of age. 2 The cause of intussusception in infants is not well understood. 1, 3 A predominant hypothesis is that gastrointestinal infections, primarily viral infections (e.g. rotavirus or adenovirus infection), induce intussusception through hyperplasia of the intestinal lymphoid tissue. 4, 5 However, viral pathogens cannot explain all cases of idiopathic intussusception and the aetiology of the condition is likely to be multifactorial.
Antibiotic use has been associated with the development of intussusception. In a US case-control study, Spiro et al. 6 found an odds ratio (OR) of 4.15 for antibiotic use within the last 48 h. Cephalosporin use was associated with .20-fold increased odds of intussusception. In a murine model, the same authors found an association between antibiotic exposure and mesenteric adenopathy, and indications of an association between antibiotic exposure and intussusception. 7 Antibiotics have well-known effects on gut motility and microflora 8, 9 -possible mechanisms for the association. Surprisingly, no further studies have looked at the potential relationship between antibiotics and intussusception.
We conducted a large population-based cohort study of the association between antibiotic use and intussusception in Danish children.
Materials and methods
The Danish Central Person Registry was introduced in 1968 and contains vital and demographic records of all people living in Denmark. 10 This information is indexed by a unique personal identification number (the CPR-number), which is also used in other nationwide registries. We constructed a cohort of all singleton children born in Denmark between 1995 and 2003. Using the CPR-number we were able to individually link information on antibiotic use, intussusception and potential confounding variables to the cohort children.
Intussusception
Cases of intussusception among cohort children from 1995 to 2004 were ascertained through the Danish National Hospital Registry.
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This registry contains diagnostic information (coded using the International Classification of Diseases, 10th revision) on all hospitalizations, emergency room visits and outpatient visits in Denmark. We used the code, K56.1.
Antibiotic use
The nationwide Danish drug prescription registry was established in 1994 and includes detailed individual-level information on all prescriptions filled at apothecaries and aggregated data on hospital use-the only places where prescription medication is legally available in Denmark. 12 Information on individual-level prescriptions includes the CPR-number of the recipient, date of filling the prescription, anatomical therapeutic chemical (ATC) code and number of daily defined doses (DDD) in the prescription. The date of filling the prescription was considered the date of use for the purpose of this study. We obtained information on all systemic antibiotic use (ATC code, J01) for the cohort children between 1995 and 2004. For some children ( primarily between 1995 and 1996) antibiotic use was not registered using their own CPR-number but that of an accompanying adult-most likely a parent. In this case a variable in the registry marked the CPR-number as belonging to an adult accompanying a child and the age of the child at the date of filling the prescription was further specified. All registrations of antibiotic use belonging to mothers and fathers of cohort children with such a child marking and the correct corresponding age of the child at the date of filling the prescription were ascribed the cohort children instead of their parents. Antibiotics were classified as extendedspectrum penicillins, penicillin V, b-lactamase-resistant penicillins, macrolides, cephalosporins, sulphonamides and other systemic antibiotics. To be able to indirectly assess the effect of hospitalization use of antibiotics, we obtained information from the Danish National Hospital Registry on hospitalizations with serious bacterial infections-where antibiotics are highly likely to have been used for treatment-for all cohort children. Infections included were pyelonephritis, osteomyelitis, bacterial meningitis, bacterial pneumonia and septicaemia. Children with these inpatient diagnoses were classified as exposed.
Potential confounding factors
Information on the following potential confounding factors was obtained from the Central Person Registry, the Danish Medical Birth Registry 13 and Statistics Denmark: child's sex; birth order; place of birth classified according to degree of urbanization; ethnicity of mother; mother's age at birth; birth weight; gestational age; socio-economic category of father in the year preceding the year of birth; and educational level of mother in the year preceding the year of birth. The percentage of missing values for the variables place of birth, birth weight, gestational age, ethnicity of mother, socioeconomic category and educational level were 5.6%, 6.7%, 6.5%, 0.01%, 5.5% and 9.3%, respectively.
Statistical analysis
Children in our cohort were followed for intussusception from birth until death, disappearance, emigration, intussusception, 2 years of age or 1 January 2005, whichever occurred first. The resulting person-years of follow-up were aggregated together with counts of intussusception according to antibiotic use and analysed using Poisson regression (log-linear regression of the counts using the logarithm of the follow-up time as offset).
14 This produced incidence rate ratios (RRs) according to antibiotic use. The number of prescriptions of antibiotic use was considered a time-varying variable. The effect of antibiotic use on intussusception was evaluated through three effect measures: RRs comparing intussusception incidence rates (IRs) among antibiotic users and non-users; increases in RRs per antibiotic prescription (a dose-response effect measure); and RRs comparing intussusception IRs for time periods following antibiotic use (within 2 days, 3 days to 1 week, .1 week to ,1 month, and 1 month or more) with non-users.
Effect measures were always adjusted for age (0-11 months, in 1 month intervals; 12-23 months, in 3 month intervals), calendar period (in 1 year intervals) and sex. Variables defined in the 'potential confounding factors' subsection were examined as confounders using the change-in-estimate method (10% threshold). 15 When adjusting for the potential confounding effect of variables with missing values, we used mode imputation (replacing missing values with the most common values, i.e. the mode value). Multiple imputation using a Markov Chain Monte Carlo approach 16 was also tested. However, the change in estimate between this method and mode imputation proved negligible (,5%) and mode imputation was used for computational simplicity. We used SAS 9.1 (SAS Institute, Cary, NC, USA).
Results
We included a total of 611 410 singleton children in our cohort. During 1 180749 person-years of follow-up for intussusception we identified 434 cases. The mean age of first intussusception hospital contact was 8.5 months [interquartile range (IQR), 5.6 months]. Follow-up was terminated prematurely for 7892 children because of death (n ¼ 2928), emigration (n¼ 4874) or disappearance (n¼ 90).
A total of 412 301 children received at least one prescription for antibiotics and the remaining 199109 children accordingly received no prescriptions. The average number of prescriptions among antibiotic users was 3.14 prescriptions (IQR, 3).
In Table 1 , we present antibiotic use in the cohort children according to sex, age and calendar period. Extended-spectrum penicillins were the most commonly used antibiotics (IR, 582.9 prescriptions per 1000 person-years) followed by penicillin V (IR, 384.1 per 1000 person-years). Macrolides were the third most used type (IR, 106.1 per 1000 person-years). Other types of antibiotics saw little use in this cohort. Boys received more antibiotics than girls (boys IR, 1265.8 per 1000 person-years and girls IR, 935.8 per 1000 person-years). The age-specific IRs were lowest in the first period of life, e.g. IR, 65.2 per 1000 person-years in the first month of life. The age-specific use peaked in the second year of life, IR 1096.7 per 1000 personyears. The calendar period IRs increased throughout the study period. The IR in the late study period 2003 -04 increased 40% relative to the early study period 1995 -96.
In Table 2 We identified three cases in this period, two of whom had received trimethoprim and one who had received nitrofurantoin.
We estimated the attributable risk of the extended-spectrum penicillin and macrolide effect in the first week following exposure using the RRs from the cohort analyses [(RR21)/RR]. The proportion of intussusception cases attributable to this effect was 4%.
We evaluated the potential confounding effect of a number of variables. No confounders were identified using the change-in-estimate method, e.g. the RR within 2 days of use of extended-spectrum penicillins including further adjustment for birth order, place of birth, ethnicity of mother, mothers age at birth, birth weight, gestational age, socio-economic category of father and educational level of mother, was 6.36 (95% CI, 3.14 -12.87), very close to the estimate including only adjustment for age, calendar period and sex.
We evaluated whether infectious disease co-diagnoses (diagnoses occurring within 2 weeks before or after the intussusception diagnosis date excluding duplicates), such as gastroenteritis, were more likely among cases associated with extended-spectrum penicillins and macrolides than in other cases. Among the 19 cases occurring within 1 week of extended-spectrum penicillin use 10 additional diagnoses occurred. Of these, four were related to infectious disease (21%) and comprised one diagnosis of gastroenteritis (5%) and three diagnoses of otitis media (16%). Among the three cases occurring within 1 week of macrolide use, no one had additional diagnoses (0%). Of the remaining cases (n¼412), 165 additional diagnoses occurred. Of these, 74 were due to infectious diseases (45%) and comprised 45 diagnoses of gastroenteritis (27%), 6 diagnoses of respiratory infection (4%), 9 diagnoses of otitis media (5%) and 14 diagnoses of other infections (8%).
We evaluated the potential impact of confoundingby-indication by modelling the effect of a hypothetical indication (in this case an infection that may be treated with antibiotics and is associated with a risk of intussusception independently). We calculated the crude intussusception rate ratio for antibiotic exposure (RR AB ) given the following variables: the intussusception rate ratio for the indication (RR IND ); the proportion of all follow-up time with the indication (FU IND ); the proportion of antibiotic-exposed follow-up time with the indication (FU IND,AB ); the proportion of all follow-up with antibiotic exposure (FU AB ); and the condition that there be no causal association between antibiotic exposure and intussusception. RR AB can be calculated from these variables and the total number of cases by calculating the number of cases and the proportion of follow-up time in a 2Â2 table with antibiotic exposure (yes/no) and indication (yes/no). This table is then 
Discussion
In a nationwide prospective study we found a strongly increased risk of intussusception within 1 week of use of extendedspectrum penicillins and macrolides. While the association was strong, the proportion of all intussusception cases attributable to antibiotic exposure was small.
Strength and limitations
In any observational study the potential impact of bias and confounding must be considered carefully. We identified cases through a nationwide hospitalization discharge registry. Fischer et al. 17 evaluated the validity of intussusception diagnoses in this registry by medical chart review and found that 38 out of 40 cases were registered correctly as intussusception. Exposure to antibiotics was determined through a nationwide prescription drug registry. In Denmark, antibiotic exposure occurs legally through hospitalizations and prescriptions. A limitation of our study was the failure to take hospitalization exposure into account directly. We indirectly evaluated this exposure by including hospitalizations with serious bacterial infections, where antibiotics are highly likely to have been used, as an exposure proxy. We found no effect of this exposure category on intussusception risk. Exposure to antibiotics outside of the hospital and pharmacy setting are likely to be limited especially among children. In a study by Muscat et al.
18 of self-medication with antibiotics in Denmark, only 1 out of 164 antibiotic uses in children were from self-medication, specifically leftover antibiotics.
We included a wide range of potential confounders (other than age and calendar period) in our study. However, no confounders could be identified and fully adjusted results were almost identical to results adjusted for age and calendar period, providing reassurance for the negligible impact of, at least timeindependent, confounding in this study.
Confounding-by-indication is a potential source of bias in this study, as in any other observational study of this association. If antibiotics are indicated for conditions with an increased risk of intussusception, this could lead to an acute increased risk after exposure not attributable to the antibiotics themselves. A number of viral infections have been hypothesized to cause intussusception, namely rotavirus and adenovirus. As an example, a recent study found a strong association between adenovirus and intussusception in Vietnamese and Australian children. 19 Since antibiotics are known to be falsely prescribed for viral infections, this may introduce confounding-by-indication. There are a number of arguments against this having a significant impact on this study. First, we evaluated the sensitivity of the results in the presence of confounding-by-indication. The risk of intussusception following a given infection would have to be similar to or larger than the observed effect, the prevalence of infection would have to be great relative to the prevalence of antibiotic use, and the probability of falsely prescribing antibiotics for the infection would have to be high. We believe these conditions to be unrealistic for any specific viral infections such as adenovirus or rotavirus. Furthermore, a strong effect was seen for both extended-spectrum penicillins, usually indicated for serious Gram-negative bacterial infections, and macrolides, usually indicated for respiratory tract infections. No Gram-negative bacterial infections have been associated with intussusception in children. Macrolides and penicillin V have similar indications and for confounding-by-indication to drive our results we would expect to see a similar effect for penicillin V use. However, we found no statistically significant effect of penicillin V. We also compared the prevalence of co-diagnoses among cases within 1 week of extended-spectrum penicillin or macrolide use and all other cases. Notably, gastroenteritis, of primarily viral origin, was much less prevalent in the antibiotic-associated cases (5% versus 27%). Even though this evaluation of hospitalization diagnostic data provides an incomplete picture of infectious diseases in our intussusception cases, it does not support the fact that infections such as gastroenteritis confound our results.
In the case where the outcome under study has an onset before hospitalization with symptoms, such as fever, leading to antibiotic use, reverse causality can occur. However, the typical case of intussusception has a sudden onset with symptoms such as intermittent abdominal pain, vomiting, bloody stools and initially no fever. Consequently, reverse causality is unlikely. 7 further conducted a study of enteral antibiotic exposure and risk of mesenteric lymphadenopathy, bowel dilation and intussusception in a mouse model. The authors reported a strong association between antibiotics and mesenteric lymphadenopathy. With respect to intussusception the results were inconclusive due to lack of statistical significance, but hinted at an increased risk of intussusception (four cases observed in antibiotic-exposed mice compared with no cases in the unexposed mice). The results and interpretations from both of these studies are compatible with our results. Unfortunately, we were not able to evaluate the very strong association for cephalosporins due to very little use in the Danish paediatric population.
Biological plausibility
The association between antibiotics and intussusception is biologically plausible through the known effects of antibiotics on motility and microflora. The extended-spectrum penicillin amoxicillin combined with clavulanic acid has been shown to be associated with small-intestinal motor disturbances. 20 This has also been consistently reported for macrolide antibiotics. 21, 22 Furthermore, antibiotics, especially extendedspectrum antibiotics, have a number of effects on the gastrointestinal microflora: the reduction of beneficial populations of bacteria and a decrease in colonization resistance, potentially resulting in opportunistic overgrowth or infection with more harmful bacteria. 8 Evidence for a subsequent effect of this on the gut immune system and systemic immunological health is also accumulating. 23 As a possible explanation for the observed effect, we suggest that antibiotics trigger intussusception in predisposed children through intestinal motor disturbances. The predisposing factors might well include infections inducing adenopathy of the mesenteric lymph nodes or Peyer's patches.
Public health perspectives
The acute nature and the strength of the association between extended-spectrum penicillins and macrolides, and intussusception, beg the question why intussusception had not been identified as an adverse event in pre-licensure randomized clinical trials? The answer is that the vast majority of drugs have never been tested in an infant/toddler population. This study illustrates that post-licensure observational studies are a vital supplement to pre-licensure trials with respect to not only rare and long-term adverse events but also events that primarily occur in subpopulations such as intussusception in the youngest children.
Conclusions
In conclusion, this is the first prospective study to show an association between antibiotics and intussusception. The association was strong, temporal and biologically plausible. The magnitude of the observed effect and a number of sensitivity analyses favour a causal relationship. However, in an observational study like this we cannot completely discount the potential for confounding-by-indication and controlled studies of the association between antibiotics and intussusception will be necessary for more definite confirmation.
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